silent infection and, in the case ofpregnantwomen, 40 % of those found to be infected early in pregnancy will progress to pyelonephritis if left untreated (Kass 1960) . Thus, patients known to be -liable to asymptomatic bacteriuria, such as diabetics and pregnant women, should have routine examination of the urine at the appropriate time, in order to allow early detection and eradication of the infection.
Involvement ofthe Kidney Tissue
In the human and in a number of animal species the bladder is isolated fromthe upper urinarytract by a valve mechanism where the ureter penetrates the bladder wall and this, together with the peristaltic mechanism of the ureter, prevents urine ascending to the upper urinary tract. It is therefore common to have urinary infections which are confined to the bladder. On the other hand it has been demonstrated that patients with asymptomatic bacteriuria or symptoms confined to the lower urinary tract may have infection of the kidney tissue (Brumfitt & Percival 1963) and until recently there has been no simple means of deciding whether the individual patient has renal involvement or not. However, it has been found that if urinary infection ascends to involve the kidney tissue a high level of serum antibody can be detected against the infecting organism, whereas if the infection is confined to the bladder little or no antibody response can be detected (Brumfitt & Percival 1964b) . Successful treatment of the patient with renal involvement, as judged by a raised antibody titre, is followed by fall in titre to a normal level.
Bacterial Serotyping Not only is Esch. coli responsible for most socalled 'primary' urinary tract infections but the *majority of strains belong to a relatively few serological groups (Kauffman 1947 , Ujvary 1958 .
These Esch. coli can be subdivided into serotypes by identification of the specific' O antigen present in their cell wall. Rantz (1962) suggested that these 0-groups of Esch. coli were more invasive for the urinary tract than others, but Turck et al. (1962) hold that infections by these organisms are common merely because they are also prevalent in-the *environment. Our own studies in ante-natal patients,domiciliary patients and hospital patients support the view of Rantz (1962) that certain Esch. coli 0-serotypes have, a special ability to initiate infection of the urinary tract.
Serotyping of urinary pathogens is useful in distinguishing persistent infection by the same organism from episodes of reinfection due to 'different organisms. Persistent infection is more likely to be due to a tissue lesion which from time to time becomes reactivated and infects the urine, while episodes of reinfection suggest an increased susceptibility to infection from without and indicate the need to search for an organic lesion of the urinary tract.
Sensitivity to Chemotherapeutic Substances
Examination of 192 organisms (184 Esch. coli and 8 Proteus mirabilis) isolated from either domiciliary patients or those with bacteriuria of pregnancy showed that 88% of the Esch. coli strains and all the Proteus mirabilis strains were sensitive to sulphonamide at a concentration of 50pg/ml or less (Brumfitt et al. 1964) . This level can be attained in both blood and urine following the administration of conventional doses of sulphonamide by mouth. Treatment with the short-acting sulphonamide, sulphadimidine, and the long-acting preparations, sulphamethoxidiazine and sulphadimethoxypyrimidine, gave satisfactory results. A cure rate of at least 75 % can be expected to follow an eight-day course of treatment with one of these compounds (Brumfitt etal. 1964) .
Since these sulphonamides give adequate blood and urine levels, are cheap, nontoxic and effective, they should be used for initial treatment in domiciliary practice (including women with bacteriuria of pregnancy). Most of the sulphonamide failures were found to respond to ampicillin. Rantz Pyelonephritis Pyelonephritis may be defined as a renal disease due to invasion by micro-organisms, and characterized by an inflammatory lesion of the pelvis and renal medulla with secondary structural and functional disorders of the tubular, glomerular and vascular portions of the kidney. The renal pelvis is much more susceptible to infection than the cortex, and very often the invading organism is of comparatively low virulence. The renal medulla has unique physiological properties, related to its specialized function in theelaboration of urine of high osmolality. It has a relatively low blood supplyas compared to the renal cortex, and the tissue fluids contain an unusually high concentration of sodium chloride and urea which account for their hyperosmolality. The partial pressure of oxygen in the medulla is low and that of CO2 correspondingly high. The tissue is therefore unduly susceptible to ischoemic necrosis either from infection or arteriolar thrombosis. Ammonia secreted by distal tubular cells has been shown to inactivate complement, and may therefore interfere with humoral immune mechanisms. Many infecting organisms, e.g. Proteus vulgaris, produce large amounts of urease which converts the urea, present in high concentration in medullary tissue, to ammonia with correspondingly increased alkalinity, and consequent chemical necrosis of tissue.
Diagnosis ofPyelonephritis
Acute pyelonephritis is readily diagnosed by the coexistence of fever, often with a rigor, loin pain, frequency and dysuria, and the finding of a significant pyuria and bacteriuria. The definition and diagnosis of chronic pyelonephritis is more difficult, and in many cases the urine may be sterile and there is often little or no pyuria. The typical histological appearances of the kidney are the most definitive abnormality, but are usually of little value to the clinician. Percutaneous renal biopsy may be grossly misleading, as chronic pyelonephritis is patchy in its distribution either in one or both kidneys. Renal tissue obtained at biopsy may therefore be completely unrepresentative of the average condition of the kidneys. Provocative tests have recently been used, but are far from diagnostic. Administration of a pyrogen or of prednisone results in an increase of the rate of excretion of pus cells if there is an infection of the urinary tract. Provided, therefore, that urethritis or cystitis can be excluded, such an increase indicates the presence of chronic pyelonephritis.
The appearances at X-ray are often of great diagnostic value. Pyelonephritis results in fibrosis and contraction of renal tissue, and therefore the kidneys are often small and of unequal length. The renal outline is irregular with depressed areas of scarring, and the cortical thickness is reduced and is especially thin at the scarred areas. There is clubbing of the calices, the maximal changes coinciding with the areas of cortical thinning. Aortography shows the patchy nature of the pyelonephritic lesions, as grossly diseased areas o the kidney are relatively ischxmic and the contrast medium is in reduced concentration in the affected renal parenchyma during the nephrogenic phase. In cases showing generalized pyelonephritic contraction there is gross renal ischemia with narrowing of the renal artery. In some patients, therefore, it may be difficult to be certain whether a vascular change or chronic pyelonephritis was the primary abnormality, i.e. whether the narrowing of the renal artery is secondary to the infective process, or whether there has been a secondary pyelonephritis in an originally ischemic kidney.
The use of micturating cystography has been a major advance in the investigation of the etiology and in the management of many cases of chronic pyelonephritis. Contrast medium is injected into the bladder through a urethral catheter, and serial films and screening are carried out during subsequent micturition. In some cases there is major reflux up one or both ureters, the radio-opaque medium sometimes outlining the corresponding renal pelvis. Chronic pyelonephritis is often associated with this functional abnormality of the uretero-vesical junction, suggesting that ascending infection from prior involvement of the bladder is an important mode of spread. The practical importance in management is that reflux is amenable to surgery. Provided that there has been no irreversible renal damage, transplantation of the lower end of the ureter into another portion of the bladder may prevent further reflux and consequent repeated reinfection of the kidney from the bladder.
Any condition causing partial ureteric obstruction or stasis of urine within the renal pelvis, e.g. calculi, anatomical anomalies of the urinary tract, pressure on the ureter from without, pregnancy, urethral obstruction, and disorders of the bladder neck, greatly increases the risk of development of pyelonephritis. In pregnancy the risk is greatest in the latter half and in the puerperium, and is probably due to dilatation and atony of the ureters and renal pelvis rather than to mechanical obstruction.
Intrinsic renal disease also often increases the susceptibility of the kidney to infection, especially if the condition affects the tubules more than the glomeruli. Such conditions include potassium depletion, nephrocalcinosis, renal involvement in gout, oxalosis and cystinosis. Potassium deficiency in the experimental animal has been proved to increase the liability to development of chronic renal infection after the intravenous injection of a suspension of Esch. coli. Any disease causing severe prolonged potassium deficiency in man, e.g. chronic diarrheea from malabsorption syn-drome or ulcerative colitis, or primary aldosteronism, predisposes to renal infection.
The rapidity of the renal blood flow and of the flow of the intratubular fluid tends to reduce the liability of the kidney to infection. Renal infection is therefore more prone to develop after renal ischeemia from partial or complete blockage of a renal artery, or as a complication of acute oliguric renal failure when the urinary volume is grossly reduced. Pyelonephritis is often a serious problem in the patient recovering from urinary suppression, and in some cases may delay or even prevent full recovery ofrenal function.
Chronic ingestion of phenacetin as an analgesic over many years has been shown to cause an interstitial nephritis which predisposes to secondary bacterial infection. This variety of nephropathy is particularly liable to be complicated by papillary necrosis which is now more common in phenacetin addicts than in cases of diabetes mellitus. Pyelonephritis from this cause is more common in Scandinavia, Switzerland and Australia than in Great Britain or the USA, but isolated cases have been reported from this country.
Bladder catheterization has been shown to be highly dangerous as a means of infection of the urinary tract, and therefore should be avoided if possible. Specimens for culture should be obtained by the clean catch technique rather than by catheter. Introduction of a catheter is, however, unavoidable in carrying out a micturating cystogram. Many obstetricians still catheterize immediately before delivery, and claim that they thereby reduce the dreaded complication of a vesicovaginal fistula. They must, however, cause many intractable puerperal urinary infections by insistence on this non-physiological means ofemptying the bladder, but it is obviously a matter in which it would be imprudent for a physician to venture an opinion.
Treatment
Most authorities now consider that treatment should continue for several months in order to prevent or minimize subsequent relapse. Therapy should ideally be guided by the sensitivity of the infecting organism, but unfortunately mixed infections are not uncommon, and antibiotic resistance may develop when a single agent is used for a considerable period. Most urinary infections are caused by Esch. coli and the majority of strains of this organism are sensitive to sulphonamides. Sulphadimidine, which is unlikely to cause nephrotoxicity, is therefore the drug of choice to be used whilst awaiting bacteriological confirmation and sensitivity tests. Streptomycin has the disadvantage that previously sensitive organisms rapidly develop antibiotic resistance. It should therefore never be used without prior alkalinization of the urine which considerably increases the bacteriecidal power of the drug, and enhances the chance of sterilization of the urine before antibiotic resistance has developed. It is excreted in the urine and therefore is much more toxic to the VIII nerve if there is associated uremia. In these circumstances it should be given at reduced dosage and at more infrequent intervals than in patients with normal renal function. Chloramphenicol would be a useful drug except for the considerable risk of aplastic anaemia, which is particularly prone to occur when the drug is given in multiple short courses of therapy. Cycloserine has proved useful in resistant Esch. coli infections, and kanamycin and colomycin in some cases of proteus and pyocyaneus infection. Nitrofurantoin is more useful in sterilization of the urine than the renal parenchyma, and should be avoided in uremia as urinary concentrations are usually below the effective range and high plasma concentrations occur which may cause severe peripheral neuritis. Ampicillin is a wide-spectrum penicillin which has proved very useful in urinary infections, but is an expensive drug to use over long periods.
Despite recent progress, pyelonephritis remains one of the commonest and most serious types of renal disease and causes many deaths from hypertension and renal failure, Treatment is of especial importance in the early stages before irreversible renal damage has occurred.
Meeting 20 May 1964 The Hon Mr Justice Lawton delivered an address entitled Legal Guilt and a Healthy Mind.
Correction
Meeting February 19 1964 in Proceedings July 1964, p 615
The Honorary Editors regret that the abstract of Dr Marjorie Clifton's paper published on p 615 of this volume was incorrect. The correct version is printed below: Abstract Dr Marjorie Clifton describes pollutants and methods of measurement, and outlines the National Survey in which 450 towns measure smoke and sulphur dioxide daily at over 1,000 sites. This Survey is being used to study the influence on pollution levels of a number of environmental factors and of various means of abatement, and provides an index for assessing the effects of air pollution.
